Background: Opioid prescribing has increased by ∼400% over the past 20 years in the US and has been correlated with dramatic increases in accidental overdose-related deaths. Emerging evidence of serious dose-dependent side effects of opioid analgesics has led to recommendations from multinational pain societies and governments to decrease opioid doses and increase referrals to pain specialists. Demand for pain specialists of all types has increased; however, training programs for health care professionals struggle to satisfy this need. Objective: The purpose of this article is to highlight the role of clinical pharmacy specialists in pain management and to discuss available residency training programs and subspecialties within each program.
Introduction
Pain affects more individuals in the US than diabetes, heart disease, and cancer combined. 1 This high prevalence of both acute and chronic pain in the US is reflected in the ∼400% increase in prescription opioid use from 1995 to 2010 as medical boards, pain societies, and the Joint Commission (formerly Joint Commission on Accreditation of Healthcare Organizations) have encouraged providers to focus on the management of chronic pain. Notably, however, the increased opioid prescribing has resulted in a dramatic rise in the number of overdose-related deaths, from 4,030 in 1999 to 16, 651 in 2010. 2 In 2013, 22,767 deaths were attributed to prescription drug overdose and 16,235 (71.3%) of these deaths involved opioid analgesics. 3 With the anticipated growth of the aging population and the subsequent increase in the number of patients suffering from pain, it is evident that more effective means of safely prescribing and optimizing these medications are necessary. The increase in opioid prescribing, misuse, and potential dangers of inappropriate use make it apparent that more effective strategies for the management of pain and pain-related medications are required. 3 Clinical pharmacists have the unique training and knowledge needed to bridge the gap between increased prescribing of high-risk medications and optimization of pain regimens to ensure safer and more effective medication utilization.
Historically, the growth of clinical pharmacy specialists has been driven by high patient and provider demand within a specialty. [4] [5] [6] For example, heightened national awareness of mental health issues increased the demand for trained specialists, leading to the dramatic expansion of pharmacy training programs from 22 programs in 2011 to 50 programs in 2015. 7 It has been suggested that the time has come for a similar growth in the area of pain management. The purpose of this commentary is to highlight the expanding role of and demand for pharmacy pain specialists, focusing on their unique training, abilities, potential roles in direct patient care, and current state of specialized training programs.
Clinical pharmacy
Clinical pharmacists have a vital role, as members of a multidisciplinary team, to provide comprehensive disease state management by serving as medication experts providing safe and effective pharmacotherapy. According to the American College of Clinical Pharmacy, clinical pharmacy is:
A discipline where pharmacists provide patient care to optimize medication therapy utilizing specialized therapeutic knowledge, experience, and judgment for the purpose of ensuring optimal patient outcomes. 8 Upon graduation from an accredited college of pharmacy, pharmacists receive their Doctor of Pharmacy (PharmD) degree and may subsequently choose to pursue advanced training through a residency program or enter immediately into clinical practice. 9 Although additional residency training is optional, it is routinely considered a requirement to participate in clinical practice and direct patient care. Most postgraduate year one (PGY-1) residencies provide a broad range of experiences to develop pharmacists into well-rounded clinicians.
10 Postgraduate year two (PGY-2) pharmacy residencies are structured to provide a more specialized training experience within a specialty, such as cardiology, oncology, or ambulatory care. A clinical pharmacy specialist can serve as a provider and, in most practice settings, operate within a collaborative practice agreement with a scope for practice and prescriptive authority.
Advantages of including pharmacists in pain management
Incorporation of a multidisciplinary approach to pain management has been shown to result in improved clinical outcomes in chronic pain compared with standard medical practice. [11] [12] [13] [14] Many interdisciplinary pain clinics are overseen by physicians who are board certified in physiatry, anesthesiology, or neurology, sometimes with dual credentials in pain management. Their focus is to complete the initial physical assessments and make recommendations for procedural interventions as part of a comprehensive plan of care, while the subsequent follow-up and medication management is generally completed by nurse practitioners and physician assistants. Further, physical therapists play an important role in physical rehabilitation, whereas social workers and psychologists generally focus on behavioral health. [11] [12] [13] Analgesics are generally the main therapeutic choice during physician or emergency room visits. 15 As such, pharmacotherapy remains an inherently integral component of pain management, and appropriate prescribing, monitoring, and titration of these often high-risk medications continue to be a burden on health care providers. Patient adherence is a concern in many practice settings; however, pain management has unique challenges in this area. Most of these challenges are centered on medication use, with particular attention, or lack thereof, to opioids. Screening and assessment for high-risk behaviors are critical in pain management, and these behaviors may include "doctor shopping", overuse of prescribed 
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Future of pain pharmacy pain medications, use of unprescribed medication, illicit drug use, and diversion of opioids, which may indicate addiction and/or dependence. Implementation of universal precautions including urine drug testing, querying state prescription drug monitoring programs, and obtaining patients' informed consent are designed to provide routine assessment for high-risk behaviors. Notably, however, these high-risk behaviors are often only elucidated after discussion regarding specifics of medication use. Clinical pharmacists are well trained in monitoring and assessing medication adherence, making them ideal providers to evaluate progress toward treatment goals. Unlike other pain management clinicians, pharmacists' training is focused on the very aspect of pain treatment that remains frustrating to providers and potentially dangerous to patients: the medications.
Recent evidence suggests that pharmacist-led medication review in the setting of chronic pain management reduced overall pain intensity, improved physical functioning, and increased patient satisfaction. 16, 17 A pharmacy pain specialist uses a unique skill set with advanced training in pharmacokinetics, pharmacodynamics, pharmaceutics, pharmacogenetics, pharmacology, and therapeutics, giving them insight into common barriers to the successful use of pharmacotherapy for pain. These specialists are often relied upon to provide unique solutions to complex patient situations, wherein typical drug delivery is not tolerated or appropriate. As pharmacy pain specialists provide guidance regarding alternative drug delivery or tailored titration schedules, treatment outcomes with medications are often improved. Furthermore, patients have identified that a longer consultation time, in-depth specialized knowledge of pain and pain treatments, and pharmacist's ability to take time to listen and understand patient-specific needs and goals were advantages of a pharmacist-and nurse-run pain clinic over management by general practitioners. 18 Pharmacists are trained to assess reported medication-related side effects and determine if they are serious, transient, or consistent with clinical trial experience in order to provide appropriate guidance to concerned patients. Counseling in this area helps prevent unnecessary discontinuations and ensure adequate trials of medications to properly assess therapeutic effect. Adjunct medications, in particular, are challenging to manage because patients are often intolerant to side effects or become frustrated with lack of efficacy at subtherapeutic doses. Treatment with adjunct medications is further complicated in patients who routinely report unacceptable side effects to all nonopioid medications, which often leads to suspicion of opioid dependence and increased provider frustration.
Selection of suboptimal analgesics, inadequate monitoring, and polypharmacy contribute to the potential for side effects and, ultimately, inadequate management of chronic pain. 19, 20 Whether monitoring for adverse effects, evaluating mechanisms of action to determine most effective treatments, identifying potential drug interactions, or redesigning regimens based on side effect profiles, it is evident that no other health professional is as uniquely tailored to the management of pharmacotherapy as a pharmacist. 11 Pharmacy pain specialists provide patient education on how medications work, expected therapeutic range, transient side effects, appropriate medications for pain etiology, and realistic expectations with care. Experienced pain specialists understand the value of timely follow-up to address concerns after initiation of new medications and provide reassurance and additional education when needed. Occasionally, pain pharmacists may take on the role of prescriber to assist with management. 21 As such, clinical pharmacists bring a unique perspective to evaluate the complex medication regimens frequently used in pain management. Benefits of the inclusion of pharmacists in pain management, however, are not limited to the inpatient or clinic setting. A study reviewing community pharmacist participation in the multidisciplinary management of chronic knee osteoarthritis found that pharmacist participation in care improved patient-reported markers for quality of care, pain function, and quality of life compared with standards of practice. 22 Available evidence suggests that increasing pharmacist presence in interdisciplinary pain management teams may improve outcomes through optimizing medication selection and doses, improving adherence through effective counseling, and reducing potentially preventable drug-related side effects. As the number of individuals with ineffectively treated pain continues to grow and the risks of misuse and abuse rise accordingly, pharmacists with specialty training in pain management can serve as an asset to providers and teams through guiding medication management in various practice settings.
11

Driven by need
Over the past few years, state and national guidelines surrounding opioid therapy have repeatedly changed the definition of "high-dose" opioid therapy (200 mg morphine equivalent daily dose [MEDD] → 120 mg MEDD → 91 mg MEDD) to reflect the tremendous amount of emerging evidence highlighting associations between opioid therapy and risk of dose-dependent side effects and overdose. 23 Nevertheless, these very same guidelines, and some state laws, 
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Atkinson et al now recommend that patients receiving high-dose opioid therapy be referred to pain specialty practices with the goal of minimizing opioid use, while simultaneously increasing utilization of adjunct medications, interventional procedures, and nonpharmacologic modalities. Unfortunately, legislating or recommending increasing referrals to pain specialists increases demand but does not produce additional trained specialists.
Clinicians throughout the country are now tasked with managing the consequences of the previous era of "no ceiling effect" as patients struggle to deescalate opioid therapy. Patients managed on high-dose opioid therapy for years often feel punished as therapy suddenly changes direction and considerable time is often required to provide education and support. Patients with pain are caught in the middle as primary care providers are often uncomfortable prescribing their opioids and managing their pain given the shift in guidance and perception that pain pharmacotherapy is too complex. Physicians practicing in various settings report that the current level of training received is "not adequate to appropriately manage chronic pain". [24] [25] [26] [27] In a survey of Veterans Affairs primary care providers, 73% reported that patients with chronic pain are a major source of frustration, and 38% reported dissatisfaction with their ability to provide optimal pain treatment. 28 Notwithstanding this, approximately half of patients suffering from chronic pain are currently managed in the primary care setting. 27 The result is an unprecedented demand for pain specialists of all types.
Pain specialists with advanced training focused on collaborative drug therapy management are rare, yet medications remain the focus of most encounters in pain management. Ideally, providers with specialized training in pain medication management would not only be available but enjoy this challenging aspect of patient care. As pain management continues to dominate the national stage, the authors predict the next major expansion in clinical pharmacy practice will, or at least should, center on training additional pharmacy pain specialists to meet this demand. Although clinical pharmacy specialists in pain management are rare, they will be highly sought after as demand for their services and expertise continues to grow. While providers view pain management as a high priority, lack of pain management resources and support were identified as barriers to effective treatment. 27 One recommendation by the Institute of Medicine's report "Relieving Pain in America: A Blueprint for Transforming Prevention, Care, Education, and Research" in 2011 was to increase the number of health professionals with advanced expertise in pain care. This guidance focuses on education programs for all health care professionals and stakeholders, including medical, dental, nursing, mental health, physical therapy, and pharmacy specialists, to train providers to offer advanced pain care. 1 Because education and training of pain specialists of all types have been identified as major barriers to improving patient outcomes, an examination of the current state of pharmacy pain specialty training programs is appropriate. Pharmacy pain specialists are uncommon even among other clinical pharmacy specialists, with few training programs available, creating an incredible disparity between disease prevalence and lack of trained specialists ( Figure 1 ). There are currently only eleven accredited PGY-2 Pharmacy Pain and Palliative Care Residency programs available, training ∼13 specialists per year, and an additional two programs in development, which have recently been granted precandidate status.
29
To evaluate the current state of specialty training programs in pain management, we surveyed all eleven Pharmacy PGY-2 Pain and Palliative Care Residency programs in the US. We asked program-specific questions regarding core and elective rotation experiences, longitudinal experiences, primary practice settings, and whether the program was more inpatient or outpatient focused. Table 1 includes a summary and comparison of the available residency programs and reflects information provided from survey responses and program materials. Due to limitations with space and in an effort to highlight unique characteristics, some experiences common to nearly every program, including orientation, research, academia, administration, drug information, teaching certificate, and staffing responsibilities, were omitted. In general, these programs attempt to follow the American Society of Health-System Pharmacists (ASHP) guidance on suggested rotation experiences but also note that they adapt elective experiences based upon the interests of their resident(s). ASHP guidance recommendations for core rotations include experiences across three major practice environments for pain, including acute pain, hospice/palliative care, and chronic pain. 30 Whether these experiences are inpatient or outpatient focused is site specific and often depends heavily on availability and the practice site. It was noted that while the intent is for a balanced training experience to prepare future pain specialists for a broad range of practice environments, most residency programs have significant program emphasis in one area of practice often reflective of the primary practice site of the residency director.
The number of rotational experiences offered at many of these programs is impressive; however, it is apparent after 
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Future of pain pharmacy reviewing each program that most residencies are designed to deliver concentrated experiences in hospice/end-of-life care and acute pain. In addition, although several programs note that inpatient and outpatient training experiences are evenly split, most programs allocate considerable time to practice in the inpatient setting. Of note, seven of the programs reviewed require some form of outpatient chronic pain management as a core rotation and four programs require a minimum of 2 months in this setting. But, of the eleven accredited residency programs reviewed, only two identify chronic pain management as the primary practice setting. It may not be practical or feasible at some sites to deliver extensive outpatient chronic pain management experiences, and it was found that some sites offer the majority of these outpatient chronic pain experiences as electives or longitudinal learning experiences. There are fundamental differences between pain subspecialties, rendering it difficult to achieve balance in any of these residency programs. For example, hospice/palliative care is focused on symptom management, as well as end-of-life and family counseling, with useful experiences in hematology/ oncology, hospice (inpatient/outpatient), and internal medicine. Furthermore, acute pain management is focused on surgery, perioperative pain management, and severe pain exacerbations, with useful experiences in acute pain service, critical care, and inpatient palliative care. There is significant overlap and relevance in cross-training between acute pain management and palliative care; however, there is distinctly less crossover 
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Atkinson et al between these core practice areas and ambulatory or chronic pain management. Chronic pain management is focused largely on rehabilitation, assessing compliance, and substance abuse, with useful experiences in rheumatology, neurology, HIV, psychiatry, and addiction medicine. In addition, chronic pain management differs substantially from hospice/palliative care or acute pain management in duration of treatment, which often introduces additional risk factors and complicates management. Nearly 40 million Americans live with moderate-to-severe pain daily and 40% of all physician visits are pain related, so the need for chronic pain specialists dominates the clinical stage. 31, 32 Training programs in the area of acute pain and palliative care are integral to clinical practice; however, due to extraordinary demand, it is evident that the current training structure at both the university and postgraduate training levels has not expanded or adapted appropriately to meet society's current and projected challenges in chronic pain management. The demand for specialists in chronic pain probably eclipses that for professionals specialized in palliative care and acute pain combined. These observations raise a few questions: does the current training structure accurately reflect society's current demand for pain specialists? Does it adequately prepare new pharmacy pain specialists for a job market screaming for ambulatory pain specialists? Perhaps the pharmacy profession and public health would be best served with expansion of pain residency experiences that allow greater focus into a specific subspecialty. Ideally, new programs that reflect society's current demand for chronic pain specialists will increase the number of professionals experienced and adept at addressing numerous pain etiologies unique to the ambulatory setting.
The future
Such a profound paradigm shift as discussed cannot be accomplished with expansion of specialty training programs alone, however, and must be applied to all levels of training beginning at the university level. Of note, only ∼3% of medical schools in the US have portions of their curriculum dedicated to pain education. 33 In a consensus statement, pharmacy pain specialists recognized a similar deficiency and have recommended a minimum of 5 hours be dedicated to pain therapeutics in pharmacy schools as a minimum standard. 11 If professional training were to be compared to disease prevalence, it would probably appear similar to Figure 1 , in which the disparity between disease prevalence and training programs remains in stark contrast. Despite these glaring training deficiencies, curriculum changes have lagged behind. Many health care professionals do not feel adequately prepared to prescribe and manage opioids, yet misadventures with controlled substances remain among the most common reasons clinicians forfeit professional licensure. 34 We recommend that PGY-1 and nonpain PGY-2 pharmacy residency programs should consider required rotations in pain management, where possible. This would possibly improve the ability of pharmacists, not traditionally trained in pain management, to assist with pain management concerns in appropriate patients, many of whom can be managed without referrals to specialty care. The current group of PGY-2 Pain and Palliative Care pharmacy residency directors will inherently shape the future of pain pharmacotherapy. They are tasked not only with passing on invaluable clinical experience and practical skills to their residents but also with preparing future pain specialists to meet society's growing demand for specialists in this area. Ideally, previously trained residents should start new residency programs and aid initiatives to expand clinical pharmacy practice in pain management. We recommend emphasis on expansion of PGY-2 pain and palliative care residency programs; however, a greater focus on chronic pain training and experience at both the university and postgraduate training levels is both appropriate and necessary based on society's demand. These initiatives to improve training are paramount to establishing a solid foundation in pain management similar to that emphasized in hypertension, diabetes, and other chronic disease states.
Conclusion
Health care systems will continue to struggle to meet the demand of patients with chronic pain until significant emphasis is placed on the education and training of health care professionals and additional pain specialists. As issues with inadequately managed pain and unsafe prescribing of pain-related medications move to the forefront of health care and political debate, it is evident that the time has come for clinical pharmacy to expand to meet the growing needs of a society in chronic pain.
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